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Abstract 

From a solution of a Schrddinger-type wave equation with a nonradtative boundary condition 
Mills predicts that atomic hydrogen may undergo a catalytic reaction with certain atomizedef 
or multiply ionize at integer multiples of the potential energy of atomic hydrogen-, 2.72 
integer. The reaction involves a nonradiatrve energy transfer to form a hydrogen atom th; 
atomic hydrogen with the release of energy. One such atomic catalytic system in 1 
and third ionization energies of potassium are 4.34066, 31.63, and 45.806 eV 



1 3 reaction of to K-K*\ then, has a net enthalpy of reaction of 81.7766 eV, whicl 



ultraviolet (EUV) emission was observed from incandescentry heated at 
that generated an anomalous plasma at low temperatures (e.g. « 10* K) 
1-2 V/cm. No emission was observed with potassium or hydrogen aj 
Emission was observed from K** confirmed the resonant nonrad' 
to atomic potassium. The catalysts product, a lower-energy 
which further reacts to form a novel hydride km. The 
hydride ion H~(l/4). This ion was observed spec 
1 1.2 eV. © 2001 Published by Elsevier Science Ltd. o; 
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U's equations, 
ions which singly 
wherein m is an 
in energy than unreacted 
atoms. The first, second, 
The triple ionization (/ = 3) 
to 3 x 27.2 eV. Intense extreme 
the atomized potassium catalyst 

_ extraordinary low field strength of about 

heffeodhim replaced potassium with hydrogen, 
transfer of 3 x 27.2 eV from atomic hydrogen 
predicted to be a highly reactive intermediate 
of hydrogen catalysis by atomic potassium is the 
corresponding to its predicted binding energy of 
Internal tonal Association for Hydrogen Energy. 




1. Introductioa 




Based on the solution of a^taSAger-type wave equa- 
tion with a wmx^iaWM^oiaiy "condition based on 
Maxwell's eqiiatic«s^a^-iS] predicts that atomic 
hydrogen may upjjgm* ca prytic reaction with certain 
gaseous ions which singly or 
iltiples of the potential energy 
eV. For example, cesium atoms 
multiple of the potential energy of 
;enf"? x 27.2 eV. The enthalpy of ionization 



atomized el 
multiply 
of atomic 
ionize afc 
atom%^ 




33 o^-^ has a net enthalpy of reaction of 27.05135 eV, 
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which is equivalent to m = 1 [39]. The reaction A^-Ar 2 * 
has a net enthalpy of reaction of 27.63 eV, which is equiv- 
alent to m=» 1 [39). In each case, the reaction involves a 
nonradtative energy transfer to form a hydrogen atom that is 
lower in energy than unreacted atomic hydrogen. The prod- 
uct hydrogen atom has an energy state that corresponds to a 
fractional principal quantum number. Recent analysis of mo- 
bility and spectroscopy data of individual electrons in liquid 
helium show direct experimental confirmation that electrons 
may have fractional principal quantum energy levels [35). 
The lower-energy hydrogen atom is a highly reactive inter- 
mediate which further reacts to form a novel hydride ion. 
Emission was observed previously from a continuum state 
of Cs* + and Ar^* at 53 J and 45.6 nm, respectively [5). 
The single emission feature with the absence of the other 
corresponding Rydberg series of lines from these species 
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confirmed the resonant nonradiative energy transfer of 
27.2 eV from atomic hydrogen lo atomic cesium or Ar*. 
The catalysis product, a lower-energy hydrogen atom, was 
predicted to be a highly reactive intermediate which further 
reacts to form a novel hydride ion. The predicted hydride 
ion of hydrogen catalysis by either cesium atom or Ar* 
catalyst is the hydride ion H~( 1/2). This ion was observed 
spectroscopicaJry at 407 nm corresponding to its predicted 
binding energy of 3.05 eV. The catalytic reactions wiih the 
formation of the hydride ions are given in Appendix A. 

Additional prior studies that support the possibility of 
a novel reaction of atomic hydrogen which produces an 
anomalous discharge and produces novel hydride com- 
pounds include extreme ultraviolet (EUV) spectroscopy 
[5,7-20], plasma formation 15-20], power generation 
[6-8, 1 3*36], and analysis of chemical compounds [ 1 6, 1 &-34J. 
Typically, the emission of extreme ultraviolet light from 
hydrogen gas is achieved via a discharge at high voltage, 
a high power inductively coupled plasma, or a plasma cre- 
ated and heated to extreme temperatures by RF coupling 
(e.g. > 10* K) with confinement provided by a toroidal 
magnetic field. Observation of intense extreme ultraviolet 
(EUV) emission at low ternperatures (e.g. as I0 5 K) from 
atomic hydrogen and certain atomized elements or certain 
gaseous ions has been reported previously (5,7-20). The 
only pure elements that were observed to emit EUV were 
those predicted [1-38] wherein the ionization off electrons 
from an atom or ion to a continuum energy level is such 
that the sum of the ionization energies of the / electrons 
is approximately m x 277 eV where I and m are each an 
integer. 

The observed EUV emission could not be explained by ; 
conventional chemistry; rather it must have been due to ** 
novel chemical reaction between catalyst and atomic^l^ 
drogen. The catalysis of hydrogen involves the nonjadijitive"% ( 
transfer of energy from atomic hydrogen to a catah^i which 
may then release the transferred energy by jad^jve and 
nonradiative mechanisms. As a consequen^ejr rf^eiMHra- 
diative energy transfer, the hydrogen atonlita^omcs, unsta- 
ble and emits further energy until it a^e^a^Wer-energy 
nonradiative state having a 
Eqs. (A.I)and(A.2)of 

The energy released 



hydrogen and the atomized catalyst that generated a plasma 
at low temperatures (e.g. =s 10 3 K). Whereas, the chemi- 
cally similar noncatalyst atoms, sodium, magnesium and 
barium, do not ionize at integer multiples of the potential 
energy of atomic hydrogen, did not generate a plasma, 
and caused no emission. In the case of atomic potassium 
catalyst, the first, second, and third ionization energies are 
4.34066, 31.63, 45.806 eV, respectively. The triple ioniza- 
tion (f = 3) reaction of K.-K**, then, has a net enthalpy of 
reaction of 81.7766 eV, which is equivalent to 3 x 27.2 eV. 
Emission was observed from K** that confirmed the res- 
onant nonradiative energy transfer of 3 x 27.2 eV from 
atomic hydrogen to atomic potassium. The predicted hy- 
dride ion of hydrogen catalysis by atomic potassium is the 
hydride ton H~(l/4), This ion was observed spectroscop- 
icaJry at 1 10 run corresponding to its predicted binding 
energy of 1 1.2 eV. 



2. Expe rimen tal 

2./. EUV spectroscopy 



Due to the exi 
"transparent" 
arrangement 
to the sajndfy; 
the EUV 



performed wii 





ivelength of this radiation, 
exist Therefore, a window less 
in the source was connected 
as the grating and detectors of 
er. Windowless EUV spectroscopy was 
extreme ultraviolet spectrometer that was 
trifled wife the cell. Differentia] pumping permitted a high 



nal conversion and 
hydrogen resulting ii 
well characterized, 
ries, Lyman 
mechamsm^ 
measured 





xl given by 



^pra^rcjp the cell as compared to that in the spectrome- 
t^%|. flfejr was achieved by pumping on the cell outlet and 
*A^TjuiBf>rog on the grating side of the collimator that served 
Ira pin-bole inlet to the optics. The cell was operated un- 
der hydrogen flow conditions while maintaining a constant 
hydrogen pressure in the cell with a mass flow controller. 

The experimental set up shown in Fig. I comprised a 
quartz cell which was 500 mm in length and 50 mm in 
diameter. Three ports for gas inlet, outlet, and photon 
detection were on the cap of the cell. The cell pump was a 



undergo inter- 
and atomic 
which includes 
such as the Lyman se* 
ernission due to the catalyst 
the hydride ion product were 
The catalytic reactions and 



binding£]9b|H3gf the product hydride ions are given in 
Apr^eri^x'M. 

j* potvsSkunfcesium, and strontium atoms and Rb* ion 
ionize at integer multiples of the potential energy of atomic 
hydrbjgS. In prior studies (5,7-20] and in the current 
experiments, these catalysts caused intense extreme ultra- 
violet (EUV) emission from incandescent ly heated atomic 
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Fig. I. The experimental set up comprising a gas cell light source 
and an EUV spectrometer which wbs differentially pumped. 
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mechanical pump. The spectrometer was continuously evac- 
uated to I0" 4 - 10~* Ton by a turbo molecular pump with the 
pressure read by a cold cathode pressure gauge. The EUV 
spectrometer was connected to the cell light source with a 
1.5 mm x 5 mm collimator which provided a light path to the 
slits of the EUV spectrometer. The collimator also served 
as a flow constrictor of gas from the cell. Valves were be- 
tween the cell and the mechanical pump, the cell and the 
monocbromator, and the monochromator and its turbo pump. 

A tungsten filament (0.508 mm in diameter and 800 cm 
in length, totaJ resistance ~* 2.5 ft) and a titanium cylin- 
drical screen (300 nun long and 40 mm in diameter) that 
performed as a hydrogen dissociator were inside the quartz 
cell. A new dissociator was used for each experiment The 
filament was coiled on a grooved ceramic support to main- 
tain its shape when heated. The return lead ran through the 
middle of the ceramic support. The filament leads were cov- 
ered by an alumina sheath. The titanium screen was elec- 
trically floated. The power was applied to the filament by 
a power supply (Soreroen 80-13) which was controlled by 
a constant power controller. For the catalysts, the cell was 
operated with a maximum of 300 W of input power which 
corresponded to a cell wall temperature of about 700° C. The 
temperature of the tungsten filament was estimated to be 
about 1 500° C. In the case of the noncatarysts, the cell power 
was increased to the maximum of 500 W. The gas was ultra- 
high purity hydrogen. The gas pressure inside the cell was 
maintained at about 300 mTorr with a hydrogen flow rate of 
5.5 seem controlled by a 0-20 seem range mass flow con- 
troller (MKS I I79A2ICSIBB) with a readout (MKS type 
246). The entire quartz cell was enclosed inside an insula- 
tion package (Zircar AL-30). Several K-type thermocouples 
were placed in the insulation lo measure key temperature^ ^ 
of the cell and insulation. The thermocouples were read, " 
a multichannel computer data acquisition system. 

In the present study, the light emission 
ena was studied for (I) hydrogen, argojn^ 
helium alone, (2) sodium, rubidrurnj^ 
strontium, and barium metals, and 
and CsjCOj. The inorganic test 
on a titanium screen dissoctator ^ 
impregnation. The screen wa^€bateff>y dipping it in a 
0.6 M NajCOs/10% H1O2, fj^l^1^6?/l<)% Hid, or 
0.6 M Cs^COj/10% HiQ^&ck and the crystalline ma- 
terial was dried 00 tie* sur&e % heating for 12 h in a 
drying oven at 130°C*^pew &ssociator was used for each 
experiment Th^l^s w^ placed in the bottom of the 
cell and volataJBed by jibe filament heater. 

The lighr^WSfcg^was introduced to an EUV spec- 
1 1 1 1 1 m ii fcfilttjj^heptrai measurement. The spectrometer 
was ^jk^Fherson 0.2 m monochromator (Model 302, 
Seya-NMUofe type) equipped with a 1200 lines/mm holo- 
graphic gating with a platinum coating. The wavelength 
regiori*tt>vered by the monochromator was 30-560 nm. The 
vacuum inside the monochromator was maintained below 
5 x I0" 4 Torr by a turbo pump. 



The EUV spectrum (40-160 nm) of the cell emission 
was recorded with a channel electron multiplier (CEM). The 
wavelength resolution was about I run (FWHM) with an 
entrance and exit slit width of 300 um. 

The EUV/UV/V1S spectrum (40-560 nm) of the cell 
emission with hydrogen alone was recorded with a photo- 
multiplier tube (PMT) and a sodium salicylate scintillator. 
The PMT (Model R1527P, Hamamatsu ) used has a spectral 
response in the range of 185-680 nm with a peak efficiency 
at about 400 nm. The scan interval was 0.4 nm. The inlet and 
outlet slit were 500 um with a corresponding wavelength 
resolution of 2 run. 

2.2. Standard potassium emission spectrum 



The standard extreme ultraviolet emission spectrum of 



potassium was obtained with a gas 
a five-way stainless steel cross that 
with a hollow stainless steel 
K 2 CO) by the same 
dissociator. The five-way cross 
of hydrogen to initiate 
evacuated so that only 
DC voltage at the 
300 V. 






,e cell comprised 
as the anode 
as coated with 
the titanium 
;ed with I Torr 
hydrogen was then 
were observed. The 
tram was recorded was' 



Jtensity of the Lyman a emission as a function 
from the gas cell at a cell temperature of 700 C 
... r ..sing a tungsten filament, a titanium dissociator, and 
300 mTorr hydrogen with a flow rate of 53 seem was tested 
for several controls and catalysts. The cell was run with hy- 
drogen but without any test material present to establish the 
baseline of the spectrometer. The intensity of the Lyman a 
emission as a function of time was measured for 3 h, and no 
emission was observed The corresponding UV/V1S spec- 
trum (40-560 nm) b shown in Fn> 2. The spectrum was 
recorded with a pbotoniultiplier tube (PMT) and a sodium 
salicylate scintillator. No emission was observed except for 
the blackbody filament radiation at the longer wavelengths. 
No emission was also observed for the pure elements aione 
or when argon, neon, or helium replaced hydrogen. Sodium, 
magnesium, or barium metal was vaporized by filament 
heating. Sodium metal was also vaporized from Na 2 COj 
as the source. No emission was observed in any case. The 
maximum filament power was greater than 500 W. A metal 
coating formed in the cap of the cell over the course of the 
experiment in all cases. 

The intensity of the Lyman a emission as a function of 
time with each of vaporized cesium from CsjCOs, potas- 
sium from K 2 CO% Rb + from rubidium metal, and stron- 
tium from strontium metal was recorded. In all cases, strong 



57 
59 
61 
63 
65 
67 

69 

71 
73 
75 
77 
79 

81 

83 

85 

87 

89 

91 

93 

95 

97 

99 

101 

103 

105 



HE 12651 



RL Mills, P. Ray I International Journal of Hydrogen Energy 000 (2001) 000-000 





Wavelength (run) 

Fig. 2. The UV/V1S spcctnnn (40-560 nm) of the cell emis- 
sion from the gas cell at a cell temperature of 700°C compris- 
ing a tungsten filament, a titanium dissociate*, and 300 mTorr 
hydrogen that was r e c orded with a pbotornumprier robe (PMT) and 
a sodium salicylate scintillator with an entrance and exit slit width 
of 500 urn. No emissioo was observed except for the Mackbody 
filament radiation at the longer wavelengths. 



80 70 

Wavetenoth (nm) 



Fig. 4. The EUV spectrum (45-80 ran) of toe ceil emission 
recorded at about the point of the maxi 
from the gas ceD at a cell temperature 
tungsten filament, a titauimu dissociator, 
vaporized potassium from K2CO3 
Line emission corresponding to K 



74-76 nm. 




yrnan a emission 
comprising a 
hydrogen, and 
with a CEM. 
at 65-67 and 



Fig. 3. The EUV spectrum (80-I30r*n 
re co rded at about the point of toe 
from the gas cell at a cell 
sten filament, a titanium dissoc 
of vaporized cesium from Csj 1 
from rubidium metal, and 
recorded with a CEM. 
gen peaks B 1 'EJ -X 
108.946 nm, resped&eiy ag 




a tuna)' 
hydrogen, and each 
'from K a CO,,Rb + 
metal that was 
of the hydro- 
1-6 and 1-5 at 109 989 and 



EUV ert&fag^&BjS observed from vaporized catalyst with 
hydrn^eA v ^he superposition of the EUV spectra (80- 
130 nm^W ufe cell emission recorded at about the point of 
thc^Baxudurn Lyman a emission for each of the catalysts 
is shown in Fig. 3. In each case, no emission was observed 
in the absence of hydrogen, and no emission occurred until 
the catalyst was vaporized as indicated by the appearance 




60 70 

Wavelength (nm) 

Fig. 5. The EUV sp e c tr u m (45-80 nm) of the cell emission 
recorded at about the point of the maximum Lyman a emission 
from a repeat gas cell at a ceD temperature of 700° C comp r ising a 
tungsten filament, a titanium di ssoc l a t or, 300 mTorr hydrogen, and 
vaporized pot ass mm from K2CO3 that was recorded with a CEM. 
Line emission corresponding to K** was observed at 65-67 and 
74-76 nm. 



of a metal coating in the cap of the cell over the course of 
the experiment. 

3.2. EVV emission of potassium catalyst 

The EUV spectrum (45-80 nm) of the emission of the 
potass rum-hydrogen gas cell and a replication experiment 
are shown in Figs. 4 and 5. Line emission corresponding 
to K 3 * was observed at 65-67 and 74-76 nm. K 2+ was 
observed at 51 and 55 nm, and K* was observed at 62 nm. 
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Wavelength (nm) 

Fig. 6. The EUV spectrum (53-89 ran) of the cell emission 
recorded at abort the point of the maximum Lyman a emission 
from a repeat gas cell at a cell temperature of 700°C co i iiyuipg a 
tungsten filament, a titanium <nssociator, 300 mTorr hydrogen, and 
vaporized potassium from KiCOj that was recorded with a CEM. 
A large K ,+ peak was observed at 89 J ran. 



WavetonaoMnm) 

Fig. 8. The EUV spectrum (80-130 ran) of the cell emission 
recorded at about the point of the m aximu m Xyman a emission 



from the gas cell at a cell temperature 
tungsten filament, a titanium dnsociator, 
vaporized potassium from K^COj tl 
The ratio of the peak at 1 10 ran 
108546 ran is 1.19. Whereas, the 
the controls shown in Fig. 
1 10 ran compared to hydn 
contribution from H~(Ji4 





1 C comprising a 
hydrogen, and 
with a CEM. 
peak at 
wavelengths b 
in intensity at 
akme was assigned to a 




Wavrtangm (nm) 



A large 
%92 nm. The a| 
were confirm^ 
shown 




Ftg. 7. The EUV spectrum (50-90 
potassium plasma excited by a 
five- way stainless steel ctoss 
stainless steel cathode. The 
fines were confirmed by 



cuutprised a 
with a hollo w 
X"\ K** and** 



Fig. 6 was also observed at 

&ts of the K*+, K* + , and K + lines 
trd potassium plasm spectr um 
INIST tables [40,41). 



1 tflbml^mission with potassium catalyst 

Tne^HlV spectrum (80-130 nm) of the eel! emission 
from the potassium gas cell and a replication experiment arc 
shown in Figs. 8 and 9. The EUV spectrum (80-130 nm) 



Fig. 9. The EUV spectrum (80-I30nm) of the cell enrisskm 
recorded at about the point of the maximum Lyman <x emission 
from a repeat gas cell at a cell t e i upcjaiun of 700° C comp r is i ng 
a tungsten fiTtm***, a titanium associate*, 300 mTorr hydrogen, 
and vaporized po ta ss ium from K2COJ that was recorded with a 
CEM The ratio of the peak at 1 10 nm versus the hydrogen peak 
at 108.946 nm is 1.61. Whereas, the peaks at these wavelengths in 
the controls shown in Ftg. 3 is 0.883. The increase in intensity at 
1 10 nm comp ared to hydrogen emission alone was assigned to a 
contribution from H~()/4). 

of the cell emission from the cesium, potassium, rubidium, 
and strontium gas cells are superuTtposed in Fig. 3. Only 
potassium is predicted to form the hydride H"(l/4) with 
emission at 1 10 nm as shown in Appendix A and Table 1. 
Molecular hydrogen has peaks in this region as shown in 
Fig. 3 for catalysts which form a plasma in hydrogen but 
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Table I 

The ionization energy of the hydrmo hydride ion H~ (n = \(p) as 
a function of p 



Hydride ion 


Catalyst 




Calculated 


Calculated 








ionization 


wavelength 








energy* (eV) 


(nm) 


H~(/i = 1) 




1.8660 


0.754 


1645 


H~(n = 1/2) 


Rb.Cs 


0.9330 


3.047 


407 


H~{n = 1/3) 




0.6220 


6.610 


I8S 


H~(n= 1/4) 


K 


0.4665 


11.23 


110 


H"(/i= 1/5) 




0.3732 


16.70 


74.2 


H~(#i= 1/6) 




0.3110 


22.81 


54.4 


H"(n= 1/7) 




0.2666 


29.34 


42J 


H~(n= 1/8) 


Sr 


0.2333 


36.08 


34.4 


H~(*=x 1/9) 




0.2073 


42.83 


28.9 


H~(n = 1/10) 




0.1866 


49.37 


25.1 


H-(/i= 1/11) 




0.1696 


55.49 


2234 


H-(nsl/12) 




0.1555 


60.98 


20J3 


H~(/i= 1/13) 




0.1435 


65.62 


18.89 


H-(«=l/M) 




0.1333 


69.21 


17.91 


H"(/f= 1/15) 




0.1244 


71.53 


I7J3 


H-(n=l/l6) 




0.1166 


72.38 


17.13 


H~(if= 1/17) 




0.1098 


71.54 


17.33 


H-(«=l/!8) 




0.1037 


68.80 


18.02 


H-(it=l/!9) 




0.0982 


63.95 


19.39 


H-(n=l/20) 




0.0933 


56.78 


* 2183 


H-(»=l/21) 




0.0889 


47.08 


26.33 


H"(«= 1/22) 




0.0848 


34.63 


35.80 


H"(ff=l/23) 




0.0811 


19.22 


64.49 


H"(«a 1/24) 




0.0778 


0.6535 


1897 


H-(»=l/25) 






Not stable 





"From Eq. (A.I5X 
b From Eq. (A.I6). 



are predicted to form a hydride different from H7Q/4] 
The hydrogen peaks in the region of 1 10 nm are #ek> the 
transition B* 'I? — X 1 A peak at 109.889' 
to r = 1-6, and a peak at 108.946 nm is 
experimental emission intensity ratio 
Intensity! 109.989) ^ 13,701 
Intensity! 108.946) = 15,506 



?T0.883, 





(1) 

0138 versus the peak at 
and hydrogen shown in 



'photon counts/s 



whereas the ratio of the 
108.946 nm with 
Fig. 8 is 

Intensity!!! 
Intensity! 1 

The rati 

108.94i 

mFi^s% 

- jtojensitfo 1 10) 21, 723 photon counts/s 

lnten^ifl 08.946) 13,462 photon counts/s "* ' * } 

The 1 10 nm peak is twice that of the control molecular hy- 
drogen peak. This peak dominated the molecular hydrogen 



,280 photon counts/s ~ I 

at UOnm versus the peak at 
rum catalyst and hydrogen shown 



peak at 1 08.946 nm such thai the counts due to each peak 
were determined by expanding ihe scale and deconvolving 
the superimposed peaks. Potassium does not have emission 
lines in the region of 1 10 nm. Thus, from the comparison, 
a novel continuum feature is observed at UOnm which 
was not due to hydrogen or potassium emission. The novel 
1 10 nm continuum peak was observed only with potassium 
and atomic hydrogen present over an extended reaction time. 
As shown in Figs. 8 and 3, ihe Lyman ft and Lyman 6 lines 
of the potassium gas cell at 102.6 and 97.3 nm, respectively, 
have a greater intensity relative to Lyman a line at 121.6 nm 
than the other catalysts which indicates a high plasma tem- 
perature. These results are consistent with the formation of 
H"( 1/4) from the catalysis of atomic hydrogen by K(m). 



4. Discussion ,^ 

A plasma that emitted intense EU^ roned at low tem- 
peratures <e.g. 10* K) from a^W'%rir^|en and each of 
Rb + , cesium, potassium, and sf%ntrumgtataryst which was 
vaporized by hearing. No^^^e t^fcm^cal reactions of the 
tungsten filament, the drssociatof; the vaporized test mate- 
rial, and 300 mTorrJrj^gi^al a eel! temperature of 700-°C 
could be found wfiJch amounted for the hydrogen Lyman cr 
line emission^ Jr\ facCno known chemical reaction releases 
enough energy toi excite Lyman a emission from hydrogen. 
The emissionnras not observed with catalyst or hydrogen 
alonfcjotense emission was observed for catalyst with hy- 
drjgen but no emission was observed when sodium, 
^magjrciun, or barium replaced a catalyst with hydrogen. 
;#^Jliis ifetth indicates that the emission was due to a reaction 
catalyst with hydrogen. 
Sijffhe only pure elements that were observed to emit EUV 
were those wherein the ionization of I electrons from an 
atom or ion to a continuum energy level is such that the sum 
of the ionization energies of the / electrons is approximately 
m x 27.2 eV where / and m are each an integer. Rubidium 
ions and potassium, cesium, and strontium atoms ionize at an 
integer multiple of the potential energy of atomic hydrogen, 
m x 212 eV. The triple ionization (/ = 3) reaction of 
K-K*+ has a net enthalpy of reaction of 8 1.7766 eV, which 
is equivalent to m = 3. The reaction Rb + to Rb 2 * has a net 
enthalpy of reaction of 27.28 eV, which is equivalent to 
"i = l. The double ionization (f = 2) of Cs-Cs 2 * has a net 
enthalpy of reaction of 27.05135 eV, which is equivalent to 
m = I [39]. The ionization reaction of Sr-Sr^ + , (f = 5) has 
a net enthalpy of reaction of 188.2 eV, which is equivalent 
to ms 7. In each case, the reaction involves a nonradiartve 
energy transfer to form a hydrogen atom that is lower in 
energy than unreacted atomic hydrogen. 

Characteristic emission was observed from K 5+ which 
confirmed the resonant n on radiative energy transfer of 
3 x 27.2 eV from atomic hydrogen to atomic potassium 
( Eq. ( A.5)). With a highly conductive plasma, the voltage of 
the cell was about 20 V, and the Meld strength was about 
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1-2 V/cm which was too low to ionize potassium lo K >+ 
which requires at least 81.7766 eV. The K** lines generated 
in the incandescentry heated cell and due to the catalyst 
reaction of atomic hydrogen were confirmed by a high 
voltage discharge and NIST tables [40,41]. 

K(m) is predicted to catalyze hydrogen to form H[oh/4] 
which reacts with an electron to form H~(l/4). The 
predicted H~(l/4) hydride ion of hydrogen catalysis by 
potassium was observed spectroscopicaJry at 1 10 nm corres- 
ponding to its predicted binding energy of ll.2eV. The 
hydride reaction product formed over time. 

The release of energy from hydrogen as evidenced by the 
EUV emission must result in a lower-energy state of hydro- 
gen. The present study identified the formation of a novel 
hydride ion. The formation of novel compounds based on 
novel hydride ions would be a substantial evidence sup- 
porting catalysis of hydrogen as the mechanism of the ob- 
served EUV emission and further support the present spec- 
troscopic identification of H"(l/4). Compounds containing 
novel hydride ions have been isolated as products of the re- 
action of atomic hydrogen with atoms and ions identified as 
catalysts in the present study and previously reported EUV 
studies (5,7-3436]. The novel hydride compounds were 
identified analytically by techniques such as time of flight 
secondary ion mass spectroscopy, X-ray phoioelectron spec- 
troscopy, and 'H nuclear magnetic resonance spectroscopy. 
For example, the time of flight secondary ion mass spec- 
troscopy showed a large hydride peak in the negative spec- 
trum. The X-ray phot ©electron spectrum showed large metal 
core level shifts due to binding with the hydride as well as 
novel hydride peaks. The 'H nuclear magnetic resonance 
spectrum showed significantly upfield shifted peaks which 
corresponded to and identified novel hydride ions. 

The hydride ion H~( 1/4) has been reported prevu^. 
[22]. KH1 containing H~( 1/4) was synthesized tyj&f&i 
of potassium metal, atomic hydrogen, and KJ.rffe'XPS 
spectrum of the product blue crystals dirTeTed^fr6% tharM 
KI by having additional features at 9.1 a^l u'e^i&fhe 
XPS peaks centered at 9.0 and 1 1.1 eV 
spond to any other primary eJ< 
to H-(/i=l/4)£;=llJeV hyi 
two different chemical enviroj 
dieted vacuum binding em 
minimum heats of ft 
lion of potassium wit 
-2000 kJ/molHjco.. 
of hydrogen of -$47$ 
that a new 
covered i 





corro- 
assigned 
(A. 18)) in 
£* is the pre- 
the reported 



tential 



5.' Conclusion 



the catalytic reac- 
;en and KI were over 
the enthalpy of combustion 
H; [36]. The implications are 
hydrogen chemistry has been dis* 
new source of energy with the po- 
nveTsion of plasma lo electricity [37,38]. 



3 • 27.2 eV from atomic hydrogen to atomic potassium 
(Eq. (A.5)). The predicted H"( 1/4) hydride ion of hydro- 55 
gen catalysis by potassium catalyst given by Eqs. (A.5)- 
(A.7) and Eq (A. 18) was observed spectroscopicalry at 57 
llOnm corresponding to its predicted binding energy of 
ll.2eV. 59 
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Appendix A. 

A. I. Catalysts 



The mechanism of EUV emissic^fchd 
hydrides cannot be explained bjSfre coi 




tion of novel 
ntional chemistry 
of hydrogen; rather it rmis>|^e Becq^e to a novel chem- 
ical reaction between calaryst and atomic hydrogen. Mills 
[1-38] predicts that^emSratonil or ions serve as catalysts 
to release 
binding ei 
ing a binding 



Binding 





to produce an increased 
*dfom called a hydrino atom hav- 

(A.1) 



53 



Characteristic emission was observed from K** which 
confirmed the resonant nomad tat ive energy transfer of 



^ i (A.2) 

4 P 

is an integer greater than I, designated as H[oh/p) 
oh is the radios of the hydrogen atom. Hydrinos are 
predicted to form by reacting an ordinary hydrogen atom 
with a catalyst having a net enthalpy of reaction of about 

mx27.2eV, (AJ) 

where m is an integer. This catalysis releases energy from 
the hydrogen atom with a commensurate decrease in size 
of the hydrogen atom, r. = nay\. For example, the catalysis 
of H(/i = I )-H(n = 1/2) releases 40.8 eV, and the hydrogen 
radius decreases from on to \an. 

The excited energy states of atomic hydrogen are also 
given by Eq. (A. 1 ) except that 

*= 1,2,3 (A-4) 

The n = I state is the "ground" state for "pure" photon tran- 
sitions (the n = 1 state can absorb a photon and go to an ex- 
cited electronic state, but it cannot release a photon and go to 
a lower-energy electronic state). However, an electron 
transition from the ground state to a lower-energy state is 
possible by a nonradiatrve energy transfer such as multipole 
coupling or a resonant collision mechanism. These 
lower-energy states have fractional quantum numbers, 
n = I /integer. Processes that occur without photons and that 
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II 



13 
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41 



require collisions are common. For example, the exothermic 
chemical reaction of H + H to form H2 does not occur with 
the emission of a photon. Rather, the reaction requires a col- 
lision with a third body, M, to remove the bond energy — 
H + H + M —»H* + M" [43], The third body distributes 
ihe energy from the exothermic reaction, and the end result 
is the H? molecule and an increase in the temperature of 
the system. Some commercial phosphors are based on non- 
radiative energy transfer involving muJtipole coupling. For 
example, the strong absorption strength of Sb y * ions aJong 
with ihe efficient nonradiative transfer of excitation from 
Sb** to Mn 2+ , are responsible for the strong manganese 
luminescence from phosphors containing these ions (44). 
Similarly, the n = 1 state of hydrogen and the n = 1/integer 
states of hydrogen are nonradiative, but a transition between 
two nonradiative states is possible via a nonradiative energy 
transfer, say /i = 1-1/2. In these cases, during the transition 
the electron couples to another electron transition, electron 
transfer reaction, or inelastic scattering reaction whkrh can 
absorb the exact amount of energy that must be removed 
from the hydrogen atom. Thus, a catalyst provides a net 
positive enthalpy of reaction of m x 27 2 eV (i.e. it absorbs 
m x 212 eV where m is an integer). Certain atoms or ions 
serve as catalysts which resonantly accept energy from hy- 
drogen atoms and release the energy to the surroundings 
to effect electronic transitions to fractional quantum energy 
levels. Recent analysis of mobility and spectroscopy data 
of individual electrons in liquid belhim show direct experi- 
mental evidence that electrons may have fractional principal 
quantum energy levels [35]. 

According to Mills [l-38] t a catalytic system is provided 
by the ionization of 1 electrons from an atom or ion to a 
continuum energy level such that the sum of the ionization 
energies of the / electrons is approximately m x 
where m is an integer. 

A. 2. Potassium 

One such atomic catalytic systqymypivq&xrtassrum 
atoms. The first, second, and thml|bajgfflfe> energies of 
potassium are 4.34066, 31 -63 J^9%6sLre5pectivdy [39]. 
The triple ionization (I = 3 HfeupS^tfJJ-K**, then, has a 
net enthalpy of reaction^^J^^eV/ which is equivalent 
to m = 3 in Eq. (A.3)j 





The overall reaction is 



H 



OH 



> H 



<7H 



(/> + 3) 



+ [</> + 3) 2 - p 2 ) x 13.6 eV. 

(A.7) 

Vaporized atomic potassium was formed by hydrogen 
reduction and thermal decomposition of potassium carbon- 
ate. 

A J. Rubidium ion 

Rubidium ions can also provide a net enthalpy of a multi- 
ple of that of the potential energy of the hydrogen atom. The 
second ionization energy of rubidium is 27.28 eV. The reac- 
tion Rb^Rb 2 * has a net enthalpy of reaction of 27.28 eV, 
which is equivalent to m = 1 in Eq. (A J \^ 

27.28 eV + Rb* + H f ^1 Rb 2+ 
+C - + „UU t V 

1<P+1)J 

+[(p+l> 2 -p J ]x %6tV$ (A.8) 

(A.9) 



(A.10) 

metal may form RbH which may provide gas 
r ' ions, or rubidium metal may be ionized to provide 
1 phase Rb + ions. Rb + ion emission was observed in the 
EUV spectrum of rubidium metal. 

A.4. Cesium 




27.05135 eV + Cs</n) + 



-[?]- 



Cs 2+ 



+2e" + H 



+[</>f 3) 7 -/>-]x 13.6 eV, 



(A.5) 



L</>+i)J 

+((/>+ I) 2 ~/> 2 ]x 13.6 eV, 



45 
47 

49 
51 
53 



55 
57 

59 



A catalytic system is provided by the ionization of two 
electrons from a cesium atom each to a continuum energy 61 
level such that the sum of the ionization energies of the two 
electrons is approximately 27.2 eV. The first and second 63 
ionization energies of cesium are 3.89390 and 23.15745 eV, 
respectively [39). The double ionization (/ = 2) reac- 65 
tioo of Cs-Cs 2 *, then, has a net enthalpy of reaction of 
27.05135 eV, which is equivalent to m = 1 in Eq. {A3). 67 



(All) 



43 K J+ +3e~ — K(m) + 81.7766 eV. (A.6) Cs 2+ + 2e" - Cs(m) + 27.05135 eV. (A.I2) 
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I The overall reaction is 



II 



13 



15 



17 



21 



23 



25 



H 



-H[-5-] + [Cp + l)?-^xl3^V. 



(A.13) 

Vaporized atomic cesium was formed by hydrogen reduction 
3 and thermal decomposition of the carbonate. 



A S. Strontium 

One such catalytic system involves strontium. The 
first through the fifth ionization energies of strontium are 
5.69434, 11.03013. 42.89, 57, and 71.6 eV, respectively 
[39]. The ionization reaction of Sr-Sr* 4 , (/ = 5), then, has 
a net enthalpy of reaction of 188.2 eV, which is equivalent 
to m = 7 in Eq. (A J). 

188.2 eV + Sr<m)+ H |yj — Sr** 



+5e* + H 



oh 



+{</> + 7)* -/> 2 ]x 13.6 eV, 
Sr^+Se" ->Sr(m)+188.2eV. 
The overall reaction is 



(A. 14) 
(A.I5) 



H I — I — H 



OH 



+ HP + 7? - P 2 ]* 13.6 eV. 



(A. 16) 

Vaporized atomic strontium was formed by heating the metal 
to 700"C 

A.6. Hydride ion 

A novel hydride ion having extraordinary enemies 
erties given by Mills 1 1 J is predicted to form by tMRKb'on 
of an electron with a hydrino (Eq. (A. 17)). Jhfcmlti 
hydride ion is referred to as a hydrino hy< 



19 nated as H~< >//>>. 

H[^]+e--H"(l/pX 

The hydrino hydride ion i 
hydride ion having a binding 
hydride km is predict© 
and two indistin 
cording to the I 

Binding an 




■jisna^rVom an ordinary 
PtlP3 eV. The hydrino 
a hydrogen nucleus 
a binding energy ac- 



(■• 



•)■ 



^ ,, (A.18) 

[(i + v / ^nTT))//7] , > 

where p is an integer greater than one, j = 1/2, A is Planck's 
constant bar. //o is ihe permeability of vacuum, /n. is the 



mass of the electron, ft t is the reduced electron mass, a 9 is 
the Bohr radius, and e is the elementary charge. The ionic 
radius is 



r, = 2(1 + v/j(,+ |)X S=± 
P 2 



(A.19) 




classical quantum 
Orbis Scientiae entitled. 




From Eq. (A.19), the radius of the hydrino hydride km 
H~(l/p); p- integer is \fp that of ordinary hydride ion, 
H~ ( 1/ 1 ). Compounds containing hydrino hydride ions have 
been isolated as products of the reaction of atomic hydrogen 
with atoms and ions identified as catalysts by EUV emission 
(5,7-3436). 
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